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.2013.01.0Abstract The hydraulic jump is a transitional state from supercritical to subcritical ﬂow. The phe-
nomenon of the hydraulic jump has been widely studied because of its frequent occurrence in nature
and because of its uses in many practical applications. In the present study the momentum principle
is used to derive an equation expressed the hydraulic jump (A-jump) occurred in a short horizontal
reach of an inverted semicircular open channel. The derived equation indicates that the initial water
depth and the tail water depth (conjugate depths) are functions of the critical water depth. Various
elements of the hydraulic jump are expressed in dimensionless case. The procedure of dimensionless
ratios described in the present paper can be used to determine various elements of A-jump in an
inverted semicircular channel when either the discharge and the relative initial depth (or tail water
depth) is known or the discharge and the relative dissipated energy are known.
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All rights reserved.1. Introduction
Little attempt has so far been made to analyze the free ﬂow in
inverted semicircular channels, Nabavi [1]. Although the semi-
circular section is not common, inverted semicircular tunnels
or sewers are found in some places of India. Furthermore,
the horseshoe shaped sewers that are common in practice, have
been almost similar shape of inverted semicircular channels. A
theoretical model to predict the pressure head distribution at
the brink of free overfalls, in horizontal and/or mildly sloping
inverted semicircular channels were given by Nabavi [1]. Chowom.
Shams University.
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y. Production and hosting by Elsev
01[2] explored the hydraulic jump that’s ﬁrst investigated by
Bidone, an Italian, in 1818. For practical purposes, Chow gave
two graphs may be applied approximately to determine the
jump length formed in horizontal and sloping channels for
rectangular channels and may be used to trapezoidal channels.
Then, several studies have been undertaken to obtain the
hydraulic jump characteristics, location and length of the
hydraulic jump, the length of the rollers, pressures at bed
and the amount of energy dissipated for various cross-sec-
tional shapes. Swamee and Rathie [3] suggested the length of
the hydraulic jump as six times the jump height.
Little data is available in the literature about the hydraulic
jump formed in a semicircular one for which. Rajaratnam and
Murahari [4] classiﬁed the hydraulic jumps formed in sloping
rectangular channels to four types. They studied a rectangular
channel in which the upstream portion is considerably steep
sloped, and the downstream portion is horizontal. Supercriti-
cal ﬂow exists in the steep sloping channel portion and the tail
water depth in the downstream channel is denoted as y2. Forier B.V. All rights reserved.
Notation
A cross sectional area of ﬂow for semicircular section
Ao cross sectional area of ﬂow for circular section
A* dimensionless cross sectional area of ﬂow for semi-
circular ﬂow
A*c relative critical area
A*o dimensionless cross sectional area of circular ﬂow
A1 initial cross-sectional area
A2 sequent cross-sectional area
D internal diameter of circular channel
E speciﬁc energy
E* dimensionless speciﬁc energy (= E/do)
E*1 dimensionless speciﬁc energy at Section 1
E2 dimensionless speciﬁc energy at Section 2
DE head loss;
DE* dimensionless head loss
F speciﬁc force per unit weight of water
F* dimensionless speciﬁc force (= F=d
3
o)
Ff friction force
g gravitational acceleration
Hj height of jump
H*j relative height of jump
k factor must be determined from experimental
Lj length of jump
L*j relative length of jump
P1 hydrostatic force at Section 1
P2 hydrostatic force at Section 2
Q the discharge
Q* dimensionless discharge
T*c dimensionless critical top width
V mean ﬂow velocity
V1 initial mean ﬂow velocity
V2 sequent mean ﬂow velocity
y water depth
yc critical water depth
yo water depth for circular section
yo centric depth from surface
y1 centroid depth of ﬂow of the segment area of circle
from the free surface at Section 1
y2 centroid depth of ﬂow of the segment area of circle
from the free surface at Section 2
Y relative water depth
Yc relative critical water depth
Y1 relative initial depth
Y2 relative tail water depth
y2o the sequent ﬂow depth
y relative centric depth
b1 momentum coefﬁcient at Section 1
b2 momentum coefﬁcient at Section 2
p constant coefﬁcient
h center angleand
q density of water
586 I.M.H. Rashwany2Æy2o, where y2o is the sequent ﬂow depth, the ﬂow remains
supercritical near the break. However, for y2 = y2o, a hydrau-
lic jump appears on the horizontal channel portion (A-jump).
For y2æy2o, the toe of the jump moves upstream into the slop-
ing channel reach and, depending on the length of the surface
roller, different jump types may be established. If the roller lies
partly in the sloping and partly in the horizontal channel por-
tions a B-jump is developed, if the end of roller is at the begin-
ning of the horizontal reach, references to a C-jump is made.
Finally, a D-jump appears if the roller is situated entirely in
the sloping channel reach. Au-Yeung [5] presented two simple
solution charts for obtaining the change in depth of water
passing through a hydraulic jump in circular, triangular, trap-
ezoidal and rectangular channels. Kazemipour and Apelt [6]
concluded, in pipes ﬂowing partly full there is a pronounced
discontinuity in the discharge curves for depths greater than
half the diameter. Series of experiments with smooth semicir-
cular channels were designed and carried out to study the ef-
fects of channel shape on resistance in the case of
semicircular channels. Helmut [7] discussed two different
appearances of jumps and they reported that jumps with a
small approach depth differ from those with a depth larger
than about 30% of the conduit diameter. A choking condition
is proposed for which conduits are subjected to full pipe down-
stream ﬂow. Photographs are used to describe the main ﬂow
pattern. A theoretical model, which was calibrated by experi-
mental data for obtaining the end depth ratio of free overfall
in horizontal or mildly sloping semicircular channels, was gi-
ven by Dey [8]. Gargano and Hager [9] examined undular
hydraulic jumps in circular conduits with an experimentalapproach. They demonstrated that conduits may choke in
the presence of undular jumps, with a previously established
choking number relating to a design limit. Ead and Ghamry
[10] presented the results of a laboratory study of hydraulic
jumps in circular conduits. Experiments were performed for
a range of Froude numbers F1 from 1.29 to 6.43 and a range
of the ﬂow rate Q from 7 to 35 l/s in a circular pipe 0.3 m in
diameter. Dey et al. [11] gave an experimental and theoretical
model which was estimated the discharge from a known end-
depth for free over fall in horizontal semicircular channels.
Series of algorithms was proposed by Mitchell [12] for estimat-
ing the ratio of conjugate depths in a hydraulic jump in a
horizontal channel over a range of Froude numbers and for
a range of different trapezoidal and circular sections running
part-full. Qu et al. [13] showed that semicircular open channel
plays an important role in various applications and the
measurement of its discharge is of interests. They studied
theoretical formulae for free overﬂow in a semicircular chan-
nel. Also, they developed discharge and wetted area
relationship.
The main objectives of the present study are:
 To derive mathematical model equations for initial water
depth and the tail water depth (conjugate depths) as func-
tions with critical water depth.
 To determine the various elements of hydraulic jump (A-
jump) in an inverted semicircular channel when either the
discharge and the relative initial depth (or tail water depth)
is known or the discharge and the relative dissipated energy
are known.
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Figure 1 Deﬁnition sketch for a hydraulic jump in an inverted semicircular open channel.
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Figure 2 Center of area of an inverted semicircular section.
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In horizontal or gentle slope channels the free hydraulic jump
(A-jump) in an inverted semicircular channel can be sketched
as shown in Fig. 1. For the A-jump, considering all effective
forces parallel to the channel bed, the momentum equation
may be written as follows:
qQðb2V2  b1V1Þ ¼ P1  P2  Ff ð1Þ
where q is water density, Q is discharge, b1 and b2 are momen-
tum coefﬁcients at two sections, V1 and V2 are mean ﬂow
velocities, P1 and P2 are hydrostatic forces and Ff is friction
force.
The length of the jump is so small that the losses due to fric-
tion upon the wetted perimeter are negligible. The pressure dis-
tribution is hydrostatic and the velocity distribution is
uniformly. Substituting V= Q/A in Eq. (1) and simplifying
F ¼ Q
2
gA1
þ A1y1 ¼ Q
2
gA2
þ A2y2 ð2Þ
where F is speciﬁc force per unit weight of water, A1 and A2 are
initial and sequent cross-sectional areas, y1 and y2 are centroid
depths of ﬂow of the segment area of circle from the free water
surface and g is gravitational acceleration.
Dividing both sides of Eq. (2) by (D3), the dimensionless
speciﬁc force can be expressed as:
F ¼ Q
2

A
þ Ay ð3Þ
where F* is dimensionless speciﬁc force (F/D
3), Q* is dimen-
sionless discharge ðQ ¼ Q=
ﬃﬃﬃﬃﬃﬃﬃﬃ
gD5Þ, A* is dimensionless area
(A/D2) and y is dimensionless centric height ðy=DÞ.
The area of water cross section for partially ﬁlled circular
channel section given by Hager [14] as follows:
Ao ¼ Ao
D2
¼ 4
3
Y3=2 1 1
4
Y 4
25
Y2
 
ð4Þ
where A*o is dimensionless water area, Ao is water area, D is
diameter of circular channel and Y is relative water depth (y/
D). Eq. (4) has deviates less than 1.5% from the exact
expression.
The dimensionless segment area of an inverted semicircular
channel of partially ﬁlled conduit may be expressed as:
A ¼ A
D2
¼ 4
3
ðYÞ3=2 1 1
4
ðYÞ  4
25
ðYÞ2
 
 p
8
ð5Þ
where A* is dimensionless segment area and Y is relative water
depth ((y/D) + 0.5).When the discharge is given, the equation gives the critical
depth can be written as:
Q ¼
A3c
Tc
 1=2
¼ 4
3
ðYcÞ3=2 11
4
ðYcÞ 4
25
ðYcÞ2
 
p
8
 3=2
= 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
YcY2c
q 1=2
ð6Þ
where Ac is dimensionless critical area, T*c is dimensionless
top width and Yc is relative critical water depth ((yc/D) + 0.5).
The relative centric depth of the segment area from the free
surface for a circle, y=D, may be written as follows, Fig. 2:
y
D
¼ 2
3
sin3ðh=2Þ
8Ao
 
 cos h=2ð Þ
2
ð7Þ
where yo is centric depth from the free surface and h is the cen-
ter angle.
cosðh=2Þ ¼ D 2yo
D
¼ 1 2Y ð8Þ
where yo is water depth of circular section (y+ (D/2)).
And
sinðh=2Þ ¼ 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Dyo  y2o
p
D
¼ 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Y Y2
p
ð9Þ
Substituting Eqs. (8) and (9) into Eq. (7) gives:
yo
D
¼ 2
3
ðY Y2Þ3=2
ðAoÞ 
1
2
 Y
 
ð10Þ
The relative hydrostatic force for semicircular section may
be written as follows:
Ay ¼ Ao yo
D
 p
8
Y 0:5þ 2
3p
 
ð11Þ
Substituting Eq. (5) and Eq. (10) into Eq. (11) gives:
Ay ¼ 2
3
ðY ðYÞ2Þ3=2  4
3
ðYÞ3=2 1 1
4
ðYÞ  4
25
ðYÞ2
 
 1
2
 Y
 
 p
8
Yþ 0:113 ð12Þ
Table 1 Relative area, A*, dimensionless hydrostatic force,
Ay, relative top width T* and dimensionless discharge Q* as a
function of relative water depth, Y for an inverted semicircular
open channels.
Y A* Ay T* Q*
0.50 0.0011 0.0000 1.0000 0.0000
0.52 0.0208 0.0003 0.9992 0.0030
0.54 0.0405 0.0009 0.9968 0.0082
0.56 0.0600 0.0018 0.9928 0.0148
0.58 0.0794 0.0032 0.9871 0.0225
0.60 0.0985 0.0049 0.9798 0.0312
0.62 0.1175 0.0070 0.9708 0.0409
0.64 0.1362 0.0095 0.9600 0.0513
0.66 0.1546 0.0123 0.9474 0.0625
0.68 0.1727 0.0155 0.9330 0.0743
0.70 0.1905 0.0190 0.9165 0.0869
0.72 0.2079 0.0228 0.8980 0.1000
0.74 0.2249 0.0269 0.8773 0.1139
0.76 0.2414 0.0314 0.8542 0.1283
0.78 0.2575 0.0362 0.8285 0.1436
0.80 0.2730 0.0413 0.8000 0.1595
0.82 0.2881 0.0467 0.7684 0.1764
0.84 0.3025 0.0524 0.7332 0.1943
0.86 0.3164 0.0585 0.6940 0.2136
0.88 0.3297 0.0648 0.6499 0.2348
0.90 0.3422 0.0716 0.6000 0.2584
0.92 0.3541 0.0787 0.5426 0.2861
0.94 0.3653 0.0864 0.4750 0.3204
0.96 0.3757 0.0945 0.3919 0.3678
0.98 0.3957 0.1085 0.2800 0.4704
1.00 0.4157 – 0.0000 –
Y
∗∗ yA
∗Q
∗A
∗∗ yA  & ∗Q  & ∗A
Figure 3 Relationship between dimensionless hydrostatic force
Ay, dimensionless discharge and Q* dimensionless area A* versus
relative water depth Y for an inverted semicircular open channel.
588 I.M.H. RashwanEqs. (5) and (12) are tabulated for different values of rela-
tive water depth Y as shown in Table 1. Also the relationship
between relative water depth versus hydrostatic force and the
dimensionless water area versus dimensionless discharge are
presented in Fig. 3.
From Eqs. (3) and (12), the dimensionless speciﬁc force can
be written as:F ¼ Q
2

A
þ 2
3
ðY ðYÞ2Þ3=2  4
3
ðYÞ3=2 1 1
4
ðYÞ  4
25
ðYÞ2
 
 1
2
 Y
 
 p
8
Yþ 0:113 ð13Þ
Eq. (13) gives dimensionless speciﬁc force F* as a function
of dimensionless ratios of relative water depth Y and dimen-
sionless discharge Q*. Table 2 shows the values of F* for differ-
ent values of Y, and Q*. Also the relationship between relative
water depth and speciﬁc force for different relative critical
water depth is presented in Fig. 4.3. Energy dissipated by the jump
The speciﬁc energy equation for horizontal open channel with
uniform velocity distribution can be written as:
E ¼ yþ Q
2
2gA2
ð14Þ
where E is speciﬁc energy.
Dividing both sides of Eq. (14) by (D), dimensionless spe-
ciﬁc energy E* (E/D) can be expressed as:
E ¼ Yþ Q
2

2A2
ð15Þ
The equation of energy dissipated by the jump is:
DE ¼ DE
D
¼ Y1 þ Q
2

2A21
 
 Y2 þ Q
2

2A22
 
ð16Þ
where DE* is the dimensionless energy dissipated by the jump
(DE/D) and Y1, Y2 are relative tail water depths.Using relative
initial water depth Y1 and relative tail water depth Y2, the rel-
ative height of the jump can be computed as follows:
Hj ¼ Y2  Y1 ð17Þ
where H*j is relative height of the jump (Hj/D).
The values of the dimensionless speciﬁc energy E*, the
dimensionless head loss DE* and the dimensionless height of
the jump H*j are presented in Table 3 for different values of
relative critical depth Yc.
The length of the jump cannot be easily determined by the-
ory, so it should be experimentally investigated. The length of
the jump can be assumed as:
Lj ¼ kðHjÞ ð18Þ
where L*j is relative length of the jump, (Lj/D), and k is factor,
which should be experimentally determined.
4. Results and analysis
To design a hydraulic jump structure in which a hydraulic
jump is formed, the location of the jump, its length, its surface
proﬁle and the amount of energy dissipated should be known.
Knowledge of the surface proﬁle would be useful in the eco-
nomic design of walls of a hydraulic jump structure. Then,
to know the above parameters, it is necessary to know the dis-
charge Q, the diameter D, the initial water depth y1 and the tail
water depth y2. The momentum equation is well suited for the
Table 2 Dimensionless speciﬁc force, F*, and relative sequent depth, Y2, of hydraulic jump in an inverted semicircular channel for
values of relative critical depth, Yc.
Y1 Yc = 0.6 Yc = 0.7 Yc = 0.8 Yc = 0.9
F* Y2 F* Y2 F* Y2 F* Y2
0.50 0.86961 6.718971 22.66422 59.50238
0.51 0.08892 0.94 0.686428 2.315225 6.078217
0.52 0.047093 0.81 0.362187 1.221129 3.205532
0.53 0.032334 0.75 0.246448 0.830117 2.178563
0.54 0.024974 0.71 0.187225 0.629519 1.651346
0.55 0.020728 0.68 0.151420 0.507683 1.330753
0.56 0.018114 0.66 0.127586 0.99 0.426005 1.115440
0.57 0.016483 0.64 0.110715 0.95 0.367591 0.961048
0.58 0.015506 0.62 0.098267 0.91 0.323872 0.845086
0.59 0.014997 0.61 0.088816 0.89 0.290042 0.754934
0.60 0.014846 0.61 0.081499 0.86 0.263195 0.682966
0.61 0.014978 0.075766 0.83 0.24147 0.624296
0.62 0.015347 0.071245 0.81 0.223621 0.575654
0.63 0.015917 0.067679 0.79 0.208781 0.534767
0.64 0.016664 0.064884 0.78 0.196329 0.500005
0.65 0.017571 0.062723 0.76 0.185808 0.470171
0.66 0.018621 0.061094 0.75 0.176875 0.99 0.444363
0.67 0.019806 0.059919 0.73 0.169266 0.98 0.421891
0.68 0.021115 0.059135 0.72 0.162776 0.96 0.402216
0.69 0.022543 0.058694 0.71 0.157241 0.94 0.384913
0.70 0.024082 0.058556 0.152531 0.93 0.369641
0.71 0.025729 0.058690 0.148541 0.91 0.356124
0.72 0.027479 0.059069 0.145184 0.9 0.344134
0.73 0.029328 0.059672 0.142387 0.88 0.333484
0.74 0.031274 0.060479 0.140091 0.87 0.324019
0.75 0.033314 0.061476 0.138246 0.86 0.315606
0.76 0.035446 0.062650 0.136808 0.85 0.308134
0.77 0.037667 0.063989 0.135741 0.83 0.301509
0.78 0.039977 0.065484 0.135014 0.82 0.295649
0.79 0.042374 0.067126 0.13460 0.81 0.290484
0.80 0.044857 0.068910 0.134476 0.285954
0.81 0.047425 0.070828 0.134623 0.282007
0.82 0.050079 0.072876 0.135022 0.278597 0.99
0.83 0.052817 0.075051 0.135659 0.275683 0.98
0.84 0.05564 0.077348 0.136522 0.273232 0.96
0.85 0.05855 0.079766 0.137600 0.271214 0.95
0.86 0.061546 0.082302 0.138883 0.269601 0.94
0.87 0.064631 0.084957 0.140364 0.268371 0.93
0.88 0.067808 0.087730 0.142038 0.267506 0.92
0.89 0.071078 0.090623 0.143901 0.266988 0.91
0.90 0.074447 0.093637 0.145949 0.266804
A-jump in horizontal inverted semicircular open channels 589analysis of hydraulic jump owing to the initially unknown en-
ergy loss dissipated by the jump.
The method described here can be used to determine the
various elements of the hydraulic jump formed in a horizontal
channel with semicircular cross-section. Two cases were stud-
ied in the present paper.
In the two cases it is necessary to found the unknown vari-
ables in the problem. To solve any of the two cases, the derived
equations (analytical solution) or the prepared tables (solution
by using tables) can be used as follows:
4.1. Proposed methods
The methods of solution, analytical or by using tables are illus-
trated by the following steps:4.1.1. Case I
Given variables are: the discharge, Q, the diameter of the
semicircular channel, D, and the initial water depth, y1.
The ﬁrst step of the solution is computing of the dimen-
sionless discharge Q* and relative critical depth Yc from
Eq. (6), and then using one of the following accepted
solutions:
4.1.1.1. Analytical solution.
a. Using Eqs. (5) and (13) to compute the dimensionless
speciﬁc force, F*1, corresponding to the relative initial
depth Y1 and dimensionless discharge Q*.
b. Assume a value of relative tail water depth Y2, and then
determined the corresponding dimensionless speciﬁc
force, F 2.
Y∗F
cY = 0.6  
cY = 0.7  
cY = 0.8  
cY = 0.9  
Figure 4 Relationship of dimensionless speciﬁc force versus
relative water depth for various values of relative critical water
depth for an inverted semicircular open channel.
590 I.M.H. Rashwanc. Compare the two values F*1 and F*2 as known that F*1
corresponding to Y1 is equal to F*2 corresponding to Y2.
d. Make other trials until the two values of dimensionless
speciﬁc forces are equal.Table 3 Relative elements of hydraulic jump in an inverted semici
depth, Yc.
Y1 Q* = 0.03125 & Yc = 0.6
E*1 Y2 E*2 DE* H*j
0.50
0.51 4.551 0.94 0.944 3.607 0.43
0.52 1.644 0.81 0.816 0.827 0.29
0.53 1.049 0.75 0.759 0.290 0.22
0.54 0.838 0.71 0.722 0.116 0.17
0.55 0.743 0.68 0.696 0.047 0.13
0.56 0.696 0.66 0.680 0.015 0.10
0.57 0.671 0.64 0.666 0.004 0.07
0.58 0.658 0.62 0.655 0.002 0.04
0.59 0.652 0.61 0.652 0.000 0.02
0.60
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
Y1 Q* = 0.15952 & Yc = 0.8
E*1 Y2 E*2 DE* H*j
0.66 1.192 0.99 1.074 0.118 0.33
0.67 1.145 0.98 1.066 0.079 0.31
0.68 1.106 0.96 1.050 0.056 0.28
0.69 1.076 0.94 1.035 0.040 0.25
0.70 1.051 0.93 1.028 0.022 0.23
0.71 1.030 0.91 1.015 0.016 0.20
0.72 1.014 0.90 1.009 0.006 0.18
0.73 1.002 0.88 0.997 0.005 0.15
0.74 0.992 0.87 0.992 0.000 0.13e. Determine the relative loss of energy DE* by using Eq.
(16) after computing the area corresponding to Y1 and
Y2 from Eq. (5).
f. Compute the relative height of the jump (H*j) by using
Eq. (17).4.1.1.2. Solution by using tables. From Table 3, determine di-
rectly the relative tail water depth, Y2, the relative height of
the jump, (H*j), and the relative loss of energy in the jump,
DE*, corresponding to the relative initial depth, Y1, known
dimensionless discharge Q* and relative critical depth Yc.
4.1.2. Case II
The given data for this case are: the discharge, Q, the diameter
of the semicircular channel, D, and the loss energy by the
jump, DE. The ﬁrst step of the solution is computed the dimen-
sionless discharge Q* and relative critical depth Yc from Eq.
(6). Then choose any accepted solution from:
4.1.2.1. Analytical solution.
a. Assume a trial solution of relative initial water depth
Y1ÆYc.
b. Using Eq. (13), compute the dimensionless speciﬁc force
F*1.rcular open channel for different values of relative critical water
Q* = 0.08686 & Yc = 0.7
E*1 Y2 E*2 DE* H*j
1.608 0.99 1.015 0.593 0.43
1.347 0.95 0.977 0.369 0.38
1.179 0.91 0.941 0.238 0.33
1.067 0.89 0.923 0.143 0.30
0.989 0.86 0.898 0.091 0.26
0.933 0.83 0.873 0.060 0.22
0.893 0.81 0.858 0.035 0.19
0.864 0.79 0.844 0.021 0.16
0.843 0.78 0.837 0.006 0.14
0.828 0.76 0.825 0.004 0.11
0.818 0.74 0.815 0.003 0.08
0.811 0.73 0.811 0.000 0.06
0.806 0.71 0.805 0.001 0.03
0.804 0.7 0.804 0.000 0.01
Y1 Q* = 0.25847 & Yc = 0.9
E*1 Y2 E*2 DE* H*j
0.82 1.223 0.99 1.210 0.013 0.99
0.83 1.213 0.98 1.205 0.008 0.98
0.84 1.205 0.96 1.197 0.008 0.96
0.85 1.199 0.95 1.193 0.005 0.95
0.86 1.194 0.94 1.190 0.003 0.94
0.87 1.190 0.93 1.188 0.002 0.93
0.88 1.187 0.92 1.186 0.001 0.92
0.89 1.186 0.91 1.185 0.000 0.91
A-jump in horizontal inverted semicircular open channels 591c. By trial and error determine the relative sequent Y2æYc,
as known that F*1 corresponding to (Y1) is equal to F*2
corresponding to (Y2).
d. Compute the relative loss of energy in the jump DE*
from Eq. (16) after calculating the area from Eq. (5).
e. If the calculated loss energy is not the same as given,
repeat the above steps until the calculated value equals
the given one.
f. Compute the relative height of the jump (H*j) by using
Eq. (17).
4.1.2.2. Solution by using tables. From Table 3, determine di-
rectly the relative initial depth, Y1, the relative tail water depth,
Y2, and the relative height of the jump, (H*j;), corresponding
to the relative loss of energy in the jump, DE*, and the calcu-
lated dimensionless discharge Q*.
4.2. Solved examples
4.2.1. Case I
In order to illustrate the computational procedure, consider a
semicircular pipe of diameter = 1.25 m, passing a dis-
charge = 0.8727 m3/sec. at initial uniform ﬂow water
depth = 0.25 m, it is required to compute the tail water depth,
the height of the jump and the energy dissipated by the
hydraulic jump.
The solution procedure is as follows:
4.2.1.1. Analytical solution.
1. Relative initial depth Y1 = (0.25/1.25) + 0.5 = 0.7.
2. Relative critical section factor Q* = 0.1595 and Yc = 0.8.
3. Using Eq. (13), compute the dimensionless speciﬁc force,
F*1 = 0.15253.
4. By trial and error the relative tail water depth Y2 = 0.93,
and the tail water depth y2 = 0.538 m.
5. Using Eq. (16), compute the dimensionless energy loss
DE* = 0.022, and the energy loss = 0.0275 m.
6. The height of the jump = 0.288 m.
4.2.1.2. Solution by using tables.
1. Relative initial depth Y1 = 0.7.
2. Relative critical ﬂow depth Yc = 0.8 according to Eq. (7).
3. From Table 3 with Y1 = 0.7 and Yc = 0.8 get:
 The relative tail water depth Y2 = 0.93 and the tail w-
ater depth y2 = 0.538 m.
 The relative energy loss DE* = 0.022 and the energy
loss = 0.0275 m.
 The relative height of the jump H*j = 0.23 and height of
the jump = 0.288 m.4.2.2. Case II
In order to illustrate the computational procedure, consider a
semicircular pipe of diameter = 1.25 m, passing a dis-
charge = 0.171 m3/s. with head losses, DE* = 0.29, it is re-
quired to compute the tail water depths, the height of the
jump.
The solution procedure is as follows:4.2.2.1. Analytical solution.
1. Compute relative critical section factor Q* = 0.03125 and
Yc = 0.6.
2. By trial and error assume the relative tail water depths
Y1 = 0.53 and Y2 = 0.75.
3. Using Eq. (13), compute the dimensionless speciﬁc force,
F*1 = 0.03233 and F*2 = 0.03331.
4. Using Eq. (16), compute the dimensionless energy loss
DE* = 0.29 the same as given.
5. The relative height of the jump = 0.22 and height of the
jump = 0.275 m.
4.2.2.2. Solution by using tables.
1. Compute relative critical section factor Q* = 0.03125 and
Yc = 0.6.
2. From Table 3 with relative critical ﬂow depth Yc = 0.6 and
dimensionless energy loss DE* = 0.29 the tail water depths
are Y1 = 0.53 and Y2 = 0.75.
3. The relative height of the jump = 0.22 and height of the
jump = 0.275 m.5. Conclusions
Analytical and tabulated solutions have been developed for
obtaining the change in depth of water passing through a
hydraulic jump (A-jump) in an inverted semicircular channel.
The proposed methods of solutions were presented in a sim-
ple form that would be useful to practicing engineers. The pro-
cedure described in the present paper can be used to determine
the various elements of A-jump formed in a horizontal in-
verted semicircular channel when either the discharge Q, the
diameter of the semicircular channel D and (y1) (or y2) are
known or discharge Q, diameter D and head loss by jump
DE are known.
Tabulated values can be used for different values of Q and
no trial and error solution is involved.
The methods of solution are independent of the system of
units due to its dimensionless nature.
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